A robust nonlinear controller is designed for a complete Unmanned Aerial Vehicle UAV mission employing a combination of dynamic inversion and H control. An inner-loop/outer-loop control structure is employed to synthesize a full envelope nonlinear controller for a complete UAV mission. In the inner loop, a modified time-scale separation approach is employed to feedback linearize the nonlinear model. In the outer loop, an H control procedure is used to achieve performance and robustness design goals. The reference flight envelope is a complete mission. The uncertainties considered include uncertainty in UAV model parameters such as the stability derivatives, weight, center of gravity location, and airspeed variations. Atmospheric disturbances and measurement noise are also included. Since robustness and disturbance rejection must be verified, flight simulation under a variety of uncertainties is performed using MATLAB/Simulink.
I. Introduction
The challenge of coping with highly nonlinear and rapidly time-varying dynamics will be a prevailing factor when designing controllers for next-generation UAVs. The development of robust control techniques in the eighties has revolutionized flight control system design. The UAV's autopilot must track the commands generated by the guidance system while stabilizing the vehicle. Designing a satisfactory controller for a UAV requires the use of multiple control strategies and techniques. The autopilot uses control surface actuators to carry out its control function. The vehicle's stabilization and command tracking functions can be accomplished by formulating the control problem in terms of vehicle motion variables.
The ability of a UAV to maintain adequate stability and performance in the face of variations in the vehicle's dynamics and errors in the plant model drive the control design process. The problem of controlling uncertain systems is to design a fixed (i.e. uncertainty independent) controller which guarantees the design requirements in the presence of significant uncertainties. These uncertainties are bounded in size by either some constant, or by some well-defined functions of the states and time.
An inner-loop/outer-loop dynamic inversion control structure is employed to synthesize a full envelope nonlinear controller for a UAV. Since the controller structure must be capable of attenuating disturbances while at the same time handling uncertainties in dynamic modeling, a two degree-of-freedom controller is used. The reference flight envelope is a 3-D trajectory. The uncertainties considered include wind gusts, measurement noise, weight, c.g. locations and airspeed variations, and uncertainty in UAV model parameters such as the stability and control derivatives.
Variable approaches to the use of linear and nonlinear control methods for UAVs have been discussed in the recent literature. An H loop shaping controller is employed in Ref.
[1] for a wing-leveler autopilot with constrained output feedback. Generalized H loop shaping and controller reduction is developed in Ref.
[2] for a particular weighted mixed sensitivity minimization task. A missile autopilot designed for the coupled pitch, yaw, and roll dynamics using H loop shaping is also illustrated in Ref. [3] .
Another approach to designing autopilots is to apply feedback linearization through dynamic inversion techniques to the UAV's nonlinear dynamics. A robust flight control system design is given in Ref. [4] for the lateral-directional axis of an unmanned air vehicle using H loop shaping and dynamic inversion. A direct application of dynamic inversion control techniques to a nonlinear system is presented in Ref.
[5] and [6] . A feedback linearization autopilot using loop shaping is presented in Ref. [7] and applied to a lateraldirectional flight control system for a piloted supermaneuverable fighter aircraft. Robust lateral-directional autopilot for linearized X-38 dynamics plane has been designed in Ref. [8] .
An H robust pole placement of single input uncertain systems for control of aircraft is developed by Ref. [10] . A nonlinear autopilot was designed with a -D technique for a missile in Ref. [11] . A self-
